(19) 



J 



(12) 



(43) Date of publication: 

20.10.1999 Bulletin 1999/42 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 0 951 068 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : H01 L 23/10, G01 L 9/00 



(21) Application number: 98870132.2 

(22) Date of filing: 1 0.06.1998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 17.04.1998 EP 98870085 

(71) Applicants: 

• INTERUNIVERSITAIR MICRO-ELEKTRONICA 
CENTRUM VZW 

3001 Heverlee(BE) 

• CP. Clare Corp. 

Beverly, MA 01915-1048 (US) 



(72) Inventors: 

• Tilmans, Hendrlkus A.C. 
6229 XA Maastricht (NL) 

• Beyne, Eric 
3001 Leuven (BE) 

• Van De Peer, Myrlam D.J. 
1090 Brussels (BE) 



(74) Representative: 

Van Malderen, Joeile et al 
Office Van Malderen, 
Place Reine Fabioia 6/1 
1083 Bruxelles (BE) 



(54) Method of fabrication of a mic restructure having an Inside cavity 

(57) The present invention relates to a method of 
fabricating a microstructure having an inside cavity 
comprising the steps of: 



depositing a first layer or a first stack of layers in a 
substantially closed geometric configuration on a 
first substrate; 

performing an indent on the first layer or on the top 
layer of said first stack of layers; 
depositing a second layer or a second stack of lay- 
ers substantially with said substantially closed geo- 
metric configuration on a second substrate; 
aligning and bonding said first substrate on said 
second substrate such that a microstructure having 
a cavity is formed according to said closed geome- 
try configuration. 




• iM||Chip#2j ,j 
FIG. 8 



O 

o 

a> 

.Q 
o 

"o 

CP 

c 



CO 
ID 

o 

1— 



a 

LU 



Printed by Xerox (UK) Business Services 
2.16.7/36 



1 



EP 0 951 068 A1 



2 



Description 

Qfrject of the Invention 

[0001 ] The present invention is related to a method of 
fabrication of a microstructure having an inside and 
preferably a sealed cavity. 

[0002] The present invention is also related to the 
product obtained by said method, which is related to a 
microstructure having a sealed cavity. 

State of the art 

[0003] Microstructures with a cavity can be formed by 
making an assembly of two ships or two wafers or a 
chip-on-wafer with a spacer in-between. Such struc- 
tures should have hermetically sealed cavities with a 
controlled ambient (gas composition and/or pressure). 
[0004] These structures can be used for a lot of differ- 
ent applications such as microaccelerometers, microgy- 
roscopes, microtubes, vibration microsensors, 
micromirrors, micromechanical resonators or "resonant 
strain gauges", micromechanical filters, microswttches 
and microrelays. 

[0005] Traditionally, for these applications, the ambient 
of the cavity is defined during the assembly of the sev- 
eral components by anodic, fusion or eutectic wafer 
bonding, wafer bonding using low temperature glasses 
or polymers as the brazing material, reactive sealing 
techniques, etc. 

[0006] The document US-5296408 is describing a fab- 
rication method for a microstructure having a vacuum 
sealed cavity therein including the process steps for the 
formation of an aluminum filled cavity in a body of silicon 
material and heating the structure such that the alumi- 
num is absorbed into the silicon material leaving a vac- 
uum in the cavity. In one embodiment, a cavity is etched 
into a silicon wafer and filled with aluminum. A silicon 
dioxide layer is formed over the aluminum filled cavity 
and the structure is heated to produce the vacuum cav- 
ity. 

[0007] The document "Fluxless flip-chip technology' 
of Patrice Caillat and Gerard Nicolas of LET I, published 
at the First International Flip-Chip Symposium, San 
Jose, California, February 1994 describes a flip-chip 
assembly of two chips with a solder sealing ring defining 
a cavity during the assembly itself. The assembly and 
the subsequent sealing are normally done in air or 
under an N 2 purge. Similar conditions may exists for the 
other wafer bonding techniques as mentioned herea- 
bove (except for the technique of reactive sealing). 
However, anodic or fusion bonding techniques as well 
as the techniques using low temperature glasses or pol- 
ymers for the bond can also be accommodated such 
that a better control over the ambient as compared to 
the method described by Caillat, et al. is achieved. 
[0008] However, wafer bonding techniques such as 
anodic bonding and silicon fusion bonding require a 



very clean, i.e., low particle count, environment. Bond- 
ing techniques based on a solder bond, on the other 
hand, are less susceptible to particles. Furthermore, 
flip-chip solder bonds also have the interesting property 

s of self-alignment (within certain limits) and display a 
good control, predictability and reproducibility of the sol- 
der height and thus the cavity height. Furthermore, a 
solder bond leads to a metallic seal, which is known to 
provide the best hermetictty possible. Also, the metallic 

10 seal can be used as an electrical feedthrough from one 
chip (e.g. the bottom chip) to the other (e.g. the top chip 
of the stack). 

Alms of the present invention 

15 

[0009] The present invention aims to suggest a 
method of fabrication of a microstructure having an 
inside cavity. More particularly, the present invention 
aims to suggest to have a sealed cavity with a controlled 

20 ambient allowing a free choice of the sealing gas com- 
position and the sealing pressure or a vacuum. 
[001 0] Another aim of the present invention is to sug- 
gest a method which does not require special equip- 
ment to perform the fabrication of such microstructures 

25 in a vacuum or controlled inert gas ambient. 

Main characteristics of the present invention 

[001 1 ] The present invention is related to a method of 
30 fabrication of a microstructure having an inside cavity 
comprising the following steps: 

- making a first layer or a first stack of layers in a sub- 
stantially closed geometric configuration on a first 

35 substrate; 

- performing an indent on the first layer or on the top 
layer of said first stack of layers; 

- making a second layer or a second stack of layers 
substantially with said substantially closed geomet- 

40 ric configuration on a second substrate; 

- aligning and bonding said first substrate on said 
second substrate such that a microstructure having 
an inside cavity is formed according to said closed 
geometry configuration. 

45 

[001 2] An indent can be defined as a groove made in 
a layer such that when the two substrates are bound, a 
connection, preferably a contacting channel, between 
the inside cavity of a microstructure and the outside 

so ambient is performed. 

[0013] Such indent can be performed using litho- 
graphic/chemical steps or by mechanically removing a 
part of the first layer using a shearing tool or by applying 
a force using an indent tool on the first layer. 

55 [0014J By making a layer on a substrate, it is meant 
depositing or growing a layer on such substrate. 
[0015] Thereafter, the indent is closed by ref lowing 
said first layer at a ref low temperature above the melting 
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temperature of said first layer. By ref low temperature, it 
should be understood the temperature at which said 
first layer is fusible but not the substrate and/or the 
structure materials thereon. 

[0016] Further characteristics or advantages will be s 
found in the following description of several preferred 
embodiments of the present invention. 

Brief description of the drawings 

10 

[0017] 

Figures 1 to 6 represent the several steps of a pre- 
ferred embodiment of the method of fabrication of a 
microstructure having a sealed cavity according to is 
the present invention. 

Figures 7 and 8 represent the two last steps of a 
second preferred embodiment of fabrication of a 
microstructure having a sealed cavity according to 
the present invention. 20 
Figures 9 to 11 represent in detail three possible 
method in order to create the indent necessary to 
achieve the method of fabrication of microstructure 
having a sealed cavity according to the present 
invention. 25 
Figures 12 to 15 represent several possibilities of 
applications of microstructure fabricated according 
to the method of the present invention. 

Detailed desc ription of preferred embodiments of 30 
the present invention 

[001 8] The present invention will be described more in 
detail hereunder referring to specific embodiments 
which are more precisely described in the drawings. 35 
[001 9] The method of fabrication of a microstructure 
having a sealed cavity, according to the present inven- 
tion can be recalled as indent-reflow-sealing (IRS) tech- 
nique, which is based on a flip-chip technique using a 
fluxless soldering process, and which allows to make 40 
hermetically sealed cavities with a controlled ambient 
(gas(es) and pressure) preferably at low temperature 
(typically of the order of 300°C). 
[0020] By controlled ambient, it should be understood 
that the inside ambient in the cavity is not in direct con- as 
tact with the outside ambient. The pressure (or vacuum) 
in the cavity as well as its gas composition can therefore 
be adapted to the user requirements . 
[0021] The cavities are formed by making an assem- 
bly of two chips (or two wafers, or chip-on-wafer) with a so 
spacer in between. The spacer typically consists of a 
solder layer with or without an additional spacer layer. 
The alignment is done as a pick&place operation (In 
particular applicable for chip-on-wafer processes) on a 
flip-chip aligner/bonder. An important characteristic of ss 
the present invention is that the sealing is done in an 
oven as a post-assembly operation, i.e., not during the 
assembly operation itself. The fact that the cavity seal- 



ing is done in an oven makes the present method more 
flexible with respect to the choice of the sealing gas and 
the sealing pressure. Standard flip-chip assembly as 
used by Caillat, et al on the other hand, is done in air 
ambient, with or without a nitrogen flow over the 
devices. 

[0022] From a manufacturing standpoint, it should be 
noted that the IRS technique according to the present 
invention has a cost advantage as compared to the 
other methods of the state of the art. The pick&place 
operation done on the flip-chip aligner&bonder is in gen- 
eral the most time-consuming and most expensive step. 
By doing the ref low operation as a post-assembly step 
in an oven, the operate time on the flip-chip aligner is 
(drastically) reduced. In addition, large batches of chip- 
on-wafer (or chip-on-chip) assemblies can be sealed in 
an oven at the same time. All this results in a high 
throughput and reduction in manufacturing costs. 
[0023] A specific embodiment of the method of fabri- 
cation of a microstructure according to the present 
invention, which is based on the assembly chip-on-chip 
will be described hereunder in reference with figures 1 
to 6, wherein an explanation of the different processing 
steps follows hereunder: 

Step 1 : Preparation of the first chip (figure 1) 

[0024] 

- deposition and patterning of a metallization seed 
layer (2) on the first chip (1), 

- preparation of a plating mould (e.g., polyimide 
which can be as thick as 100 ^im) and electrodepo- 
sition (electroplating) of the solder (3). Some exam- 
ples of possible solders can be SnPb63/37, 
SnPb5/95, SnPbAg (2% Ag), In, AuSn (80/20), 
SnAg, SnAgCu, SnBi, etc. 

- removing the mould and making the indent or 
groove (4). This can also be conveniently done on 
wafer level, the wafer is next diced to obtain the indi- 
vidual chips. 

[0025] Advantages of using a solder in the present 
method of the invention are as follows: 

- the solder is of a soft material, thus allowing making 
an indent using a shearing tool or an indenting tool 
(soft should be understood as opposed to brittle, 
hard,...). The indent can be made in a photolitho- 
graphic/chemical way, or, through mechanical 
means. 

- the solder can be reflowed at moderate tempera- 
tures (200-350°C) below than the melting point of 
the substrate. Due to the high surface tension, the 
indent will completely disappear after reflow (the 
solder is brought back into its shape without any 
traces of the indent); 

- the solder can be electroplated using LIGA-like 
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processing. It is thus convenient to define a geo- 
metrically enclosed structure forming an inside 
sealed cavity afterwards. In addition, electrodeposi- 
tion allows the fabrication of high cavity walls (> 5 
jim). This facilitates the making of the indent as 
well. 

• the solder leads to an excellent hermetic seal of the 
cavity. 

Step 2 : Preparation of the second chip (figure 2) 
[0026] 

- deposition and patterning of suitable metallization 
layer (6} on the second chip (5) (this can also be 
conveniently done on wafer level). The require- 
ments for a suitable metallization layer should be a 
good wettability and the formation of stable inter- 
metallic compound with solder (3). For instance, if a 
SnPb-base solder is used in Step 1, most stable 
SnCu will be convenient. A seed layer of SnNi can 
also be used. Therefore, the SnNi layer needs also 
to be covered by a thin Au layer since Ni oxidises in 
air. A thickness of the Au layer will be in the range of 
0.1 - 0.3 urn for having a good wettability while hav- 
ing a thicker Au layer will result in an unreliable sol- 
der connection. If a AuSn-base solder will be used, 
a Au metallization will yield good results. This met- 
allization will serve as the counter metallization for 
the flip-chip operation (see step 3). 

Step 3 : Pre-treatment 1 lip-chip" alignement (figure 3) 

[0027] 

On flip-chip aligner & bonding device, both chips (1 
& 5) are aligned so that the solder ring (3) on the 
first chip is aligned with the metal ring (6) on second 
chip. Before loading, both chips are preferably 
given an adequate plasma pretreatment in order to 
achieve a reliable adhesion (s-called "pre-bond", 
see step 4) of both chips without solder ref low. 

Step 4 : Pre-bonding (figure 4) 

[0028] 

- Both chips are heated to a temperature well below 
the melting point of the solder, for instance for SnPb 
(67/37) having a melting point 183 °C, the chips are 
typically heated to a temperature comprised 
between 120-160°C. The chips are next prebonded 
by applying a bonding force (F), (typically of 2000 
gf). The chips now "stick" and can be moved to the 
reflow oven. The exact temperature and bonding 
force depend on the solder, the solder history and 
the type of metallization used. 



Step 5 : Pump vacuum and filling of the cavity (figure 5) 
[0029] 

5 - In the reflow oven, the cavity (8) is evacuated and 
next filled with the desired gas such as N 2 or a gas 
mixture such as N^H 2 mixture or even SF6 to a 
required pressure. Optionally, the cavity could be 
left at a vacuum pressure. 

10 

Step 6 : Reflow and sealing (figure 6) 
[0030] 

is - The temperature of the oven is now raised above 
the melting point of the solder but below the melting 
point of all other materials used. The solder (3) will 
melt so as to close the indent resulting in a hermet- 
ically sealed cavity with a controlled ambient. 

20 

[0031] The process flow as represented in figs. 1 to 6 
shows an assembly in which the cavity height is set by 
the solder itself, without using any additional spacer 
layer. However, the method for an assembly with an 
25 additional spacer layer could be described in reference 
to figure 7 and 8. 

[0032] Figures 7 and 8 are representing the two last 
process steps of the method of fabrication according to 
the present invention using a spacer layer (9) in combi- 
30 nation with the solder layer (3) according to said cavity 
height. 

[0033] Figures 9, 10, and 1 1 represent in detail three 
methods of creating an indent in the preparation of one 
of the two chips. 
35 [0034] More particularly, figures 9 represent a local 
electrodeposition of the solder using a patterned mould 
(comparable to LIGA as 3D-microforming techniques), 
wherein : 

40 - figure 9a shows the deposition of a seed layer, the 
growing of the mould material (10) (e.g. photoresist, 
polyimide), and the patterning of the mould; 
- figure 9b shows the electrodeposition of the solder 

(3); 

45 - figure 9c shows the removing of the mould and 
seed layer (locally). 

[0035] Figure 10 represents a second method of cre- 
ating an indentation by removing the solder using a 

so shearing tool such as a shear tester. 

[0036] Figure 1 1 represents a third method of creating 
an indentation by using an ind enter wherein the indent 
of the solder is made by applying a (high) force. 
[0037] The two last embodiments represented in fig- 

55 ures 1 0 and 1 1 are possible because the solder is a soft 
material that allows an indentation by forcing a tool such 
as a shearing or an indenting tool. 
[0038] Figures 12 to 15 represent several structures 



4 



7 



EP0 951 068 A1 



8 



using the method of fabrication of a microstructure hav- 
ing a sealed cavity according to the present invention for 
specific applications such as a microreed switch (figure 
12), a capacit've microaccelerator (figure 13), a vacuum 
microcode (figure 14) . a one-port microresonator using s 
electrostatic drive/sense (figure 15), a microrelay (not 
represented). 

Claims 

10 

1 . A method of fabricating a microstructure having an 
inside cavity comprising the steps of: 

- making at least a first layer (3) in a substantially 
closed geometric configuration on a first sub- is 
strata (1); 

- performing an indent (4) in said first layer (3) ; 

• making at least a second layer (6) substantially 
with said substantially closed geometric config- 
uration on a second substrate (5) ; 20 

- aligning and bonding said first substrate (1 ) on 
said second substrate (5) such that a micro- 
structure having a cavity (8) is formed accord- 
ing to said closed geometry configuration. 

25 

2. The method as recited in claim 1, wherein the 
indent is performed using photolithographic/chemi- 
cal steps. 

3. The method as recited in claim 1, wherein the so 
indent is performed by removing a part of the first 
layer using a shearing tool (11). 

4. The method as recited in claim 1, wherein the 
indent is performed by applying a force to an indent 35 
tool (12) on the first layer. 

5. The method as recited in any one of the preceding 
claims, wherein a pre-treatment prior to the aligning 
and bonding of said substrates is performed on 40 
both substrates, said pre-treatment consisting in a 
plasma etching treatment. 

6. The method as recited in any one of the preceding 
claims, wherein a pre-bonding treatment is per- 45 
formed after the aligning of both substrates in order 

to form the microstructure. 

7. Method as recited in claim 6, wherein the pre-bond- 
ing treatment consists in heating the microstructure so 
to a softening temperature well below the melting 
temperature of the first layer. 

8. A method as recited in any one of the preceding 
claims, wherein said first layer is a solder layer 55 
essentially made of PbSn. 

9. A method as recited in any one of the preceding 



claims, the first stack of layers comprises a metalli- 
zation seed layer (2). 

10. A method as recited in any one of the preceding 
claims, further comprising the step of pumping said 
cavity. 

11. Method as recited in claim 10, further comprising 
the step of filling the cavity with a gas or a gas mix- 
ture to a predetermined pressure; 

1 2. Method as recited in 1 1 , wherein the gas is an inert 
gas. 

13. The method as recited in any one of the preceding 
claims, wherein the indent is closed by reflowing the 
first layer at a ref low temperature above or equal to 
the melting temperature. 

14. The method as recited in claim 13, wherein the 
reflowing is performed in a vacuum environment. 

15. The method as recited in claim 14, wherein the 
reflowing is performed in an inert gas environment. 

16. The method as recited in claim 14 or15, wherein 
the reflowing is performed in an environment having 
a temperature which is less than the melting point 
of the substrate and the other materials thereon. 

17. Method as recited in any one of the preceding 
claims, wherein both substrates can be silicon or 
chips in silicon or wafers or one being a chip, the 
other a wafer. 

18. Microstructure having a sealed cavity (8), wherein 
said cavity is defined by walls according to a closed 
geometric configuration between two substrates (1 
and 5), said walls being a stack of layers comprising 
at least the first metallization layer (2), a reflowed 
solder layer (3), and a second metallization layer 
(6). 

19. Use of the method as recited in any one of the pre- 
ceding claims for realising a microreed switch, a 
capacitive microaccelerator, a vacuum microtriode, 
a microresonator, a microrelay and a microswitch. 
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